O ver the past few decades, healthcare has become increasingly more complex, difficult to coordinate among multiple providers, heavily impacted by technology, and subject to situations and conditions that have the potential to diminish quality or breach patient safety. Patients come to hospitals in their most vulnerable state-often in pain, usually fearful, and always feeling a bit out of place. How can this be? Hospitals are supposed to be a safe haven and a place of healing and rest; yet many patients are victims of errors in treatment, procedure, or medication, or they are injured by elements of the hospital environment. A hospital can be a dangerous place for patients because its unfamiliar environment contrasts with home (Tzeng & Yin, 2008a) . As designers and healthcare professionals, what can we do to design a healthcare facility that minimizes the potential for risk and enhances patient safety?
Although there are many claims that specific design features reduce medication errors, decrease patient falls, lessen cross-contamination, and improve patient safety outcomes, disseminated evidence to support the direct relationship between specific design features and patient outcomes has been sparse. This issue of HERD focuses on patient safety in healthcare design with the intent of adding to a body of knowledge about the relationships between the built environment and patient safety outcomes. I am excited about this issue and fully believe that we will see more research demonstrating the effects of design features on patient safety outcomes that will guide future design decisions. Patient safety should be the number one priority when evaluating the efficacy of design alternatives, and we have unprecedented opportunities to affect quality and patient safety by creating safer work environments for professional staff and safer care environments for patients.
A Multidisciplinary Approach
Reducing patient risk by means of facility design requires a multidisciplinary approach, because each discipline brings a body of knowledge, viewpoints, preferences, and interpretations to the table to expose hidden assumptions about what could make a difference in ensuring patient safety (Reiling, 2006; Wears, Perry, & Sutcliffe, 2005) . We do not often think of safety as a science, yet it is a science with its own body of knowledge, research, and vested academic degrees. According to Wears, "When the patient safety movement first began, an important early insight was the realization that a great deal was already known about the problem of safety in complex socio-technical systems based on years of research and practice in a wide variety of areas" (p. 4). Many lessons have been learned from the space program, aviation, the military, and the nuclear power industry that can and have directly influenced assumptions about safety in healthcare design. The same-handed room design concept is one example of borrowing safety knowledge from the aviation field, where all cockpits in certain types of aircraft are designed identically to reduce the potential for pilot confusion and error. Some have accepted this idea as evidence that can be applied to healthcare design (Reiling, 2006) .
Human factors science applies what is known about human capabilities and limitations to the design of systems, processes, and environments to maximize human potential in the environment and reduce the potential for stress, strains, and errors. Applying human factors science to the healthcare setting, the user (patient) interface with a design would be studied in detail and tested to determine requirements for the built environment that would ensure patient safety (Blanchard & Fabrycky, 1998; Wickens, Lee, Liu, & Gordon Becker, 2004) . Some of the research methodologies that could be used as human factors evaluation methods might include: (1) focus groups with patients and providers to identify potential risk areas for patients; (2) ethnography to understand the "real-world" or "lived" experience of patients in the healthcare environment; (3) iterative design processes, with each design evaluated in relation to patient safety priorities; and (4) systematic task analysis to evaluate human interaction with the environment under specified conditions (patients with different conditions in specific situations). Whatever investigative method is used, the primary aim should be to understand how the physical environment and specific design variables can either enhance or impede patient safety as a patient moves within the context of the environment.
Safety science analyzes systems within an environment with the intent of minimizing the potential for human or machine error or failure that can cause morbidity or mortality to the patient and/ or the provider (Battles & Lilford, 2003 es, oxygen deficiency, light intensity, and other such factors that can negatively affect patient and provider safety. Safety science could be a means of evaluating architectural and interior designs schemes and engineering systems to identify potential patient safety hazards and eliminate these potential hazards from the final design solution.
Multifocal Solutions for Patient Safety
It is unlikely that there is a single solution for a phenomenon as complex as patient safety. Various design solutions address patient safety issues, because there are a variety of patient types, conditions, situations, and events that affect patient safety in the environment. For example, a major cause of injury to patients in the hospital is a fall that occurs in a patient room that is often related to getting out of bed, slips and trips during ambulation, or the effects of medication or a medical condition (Hignett & Masud, 2006; Tzeng & Yin, 2008b) . A patient's walk to the bathroom is one of the most frequent causes of falls. It is claimed that a continuous handrail from the head of a patient's bed to the bathroom will reduce falls among patients who are able to walk from bed to bathroom. This design solution addresses the potential for anticipated falls among patients who can hold onto a handrail and make their way to the bathroom, but it does not address unanticipated falls among patients who are unsteady because of medication or medical conditions that affect balance or cognitive judgment. Neither does this design address the potential for patients to trip or slip because of hazards in the environment such as equipment cords, intravenous tubing, furniture and equipment, or slippery floor surfaces.
One can readily see that a multifocal solution is needed to address the issue of designing an environment that potentially prevents patient falls. Perhaps such a solution would include multiple design elements: (1) direct line of sight from nurse to patient (direct or electronic visibility); (2) nonslippery floor surfaces;
(3) an unimpeded path to the bathroom; (4) systems that alert nurses that a patient is shifting his or her weight to the side of the bed; (5) lights that automatically turn on when a patient leaves the bed, illuminating the way to the bathroom; or (6) a ceiling track device connected to a belt around the patient's waist that could prevent or ease a patient's fall to the floor (not yet invented). Tzeng & Yin (2008a) state, "A safety-driven design with a goal to prevent inpatient fall-related injuries should be a design principle" (p. 179).
State of the Science for Designing for Patient Safety
Designs to improve patient safety outcomes must focus on: (1) improving air quality (reducing noxious fumes and odors; high-efficiency particulate air filtration systems; locating air exchange systems optimally in patient and procedure rooms);
(2) reducing the potential for cross-contamination (single-occupancy rooms; accessible handwashing sinks and gel dispensers); (3) preventing patient falls (nonskid flooring; easily accessible bedside tables; night illumination of paths to the bathroom); (4) eliminating medication errors (distraction-free and brighter illumination in medication preparation areas); (5) installing wireless technologies and computerized order entry and bedside documentation systems; (6) providing in-room family areas; (7) implementing bar coding for medication administration; (8) creating standard room designs; ( 9) incorporating standardized headwalls; and (10) supporting collaborative practice among interdisciplinary partners (providing a space and place for interdisciplinary communication near the point of service) (Runy, 2006; Stichler, 2007) .
Most importantly, design team members engaged in the design process of every healthcare project need to have a safety culture in which patient safety is priority one and it trumps all other design considerations. The true attribute of a healing environment is patient safety.
Necessities for Promoting Patient Safety in Healthcare Design
More research is needed to test the hypothesis that certain design features positively affect patient safety, and this research must be disseminated and spread by translating the evidence into design practice. Secondly, funding bodies interested in patient safety should focus their efforts on research that integrates the theories and sciences of complex adaptive systems, safety, human factors, engineering and design, and the biological, behavioral, social, and organizational sciences to specifically address how design features in the healthcare environment enhance or impede patient safety. They should also address how humans (providers and patients) interface with the environment to ensure optimal patient outcomes.
The reality is that designing for patient safety is a top priority and a multidisciplinary, multifocal
The true attribute of a healing environment is patient safety. effort. As Cook (2005) stated, "Safety is not risk, hazard, or outcome, but the dynamics of how risk, hazard, and outcome are localized within a space of possibilities. What we need is an understanding of the shape of that space" (p. 8). A safety culture that ensures that patient safety is a design priority must be embedded in the design process.
